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FIG. 5B
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1
SEMICONDUCTOR DEVICE

CROSS-REFERENCE TO RELATED
APPLICATION

This application is a continuation application of Interna-
tional Application PCT/JP2010/060728 filed on Jun. 24,2010
and designated the U.S., the entire contents of which are
incorporated herein by reference.

FIELD

The embodiments discussed herein relate to a semiconduc-
tor device.

BACKGROUND

Conventionally, studies have been conducted on a high
electron mobility transistor (HEMT) having an AlGaN layer
and a GaN layer formed by crystal growth over a substrate, in
which the GaN layer functions as an electron transit layer. The
band gap of GaN is 3.4 eV, which is wider than the band gap
of Si (1.1 eV) and the band gap of GaAs (1.4 eV). Accord-
ingly, the GaN-based HEMT has high breakdown voltage,
and is promising as a high breakdown voltage power device
for automobiles or the like.

A body diode exists inevitably in an Si-based field effect
transistor. The body diode is connected to a transistor to be in
inversely parallel to the transistor, and functions as a free
wheel diode in a full-bridge circuit method used for a high-
power power supply. However, in the GaN-based HEMT,
such a body diode does not exist inevitably. Accordingly,
there has been proposed a structure in which a pn junction
diode, which has a p-type layer and an n-type layer stacked in
a thickness direction of the substrate, is connected to the
GaN-based HEMT.

However, in the structure which has been proposed, a delay
easily occurs in operation of the diode. Then, accompanying
the delay, inverse electric current flows in the HEMT before
the diode operates as the free wheel diode, and the power
consumption increases. Further, when overvoltage is applied
between the source and the drain of the HEMT due to the
delay, the diode does not operate as a protective circuit.

Patent Literature 1: Japanese Laid-open Patent Publication
No. 2009-164158

Patent Literature 2: Japanese Laid-open Patent Publication
No. 2009-4398

SUMMARY

According to an aspect of the embodiments, a semiconduc-
tor device includes: a substrate; a transistor that comprises a
first electron transit layer and an electron supply layer which
are stacked in a thickness direction of the substrate; a second
electron transit layer formed over the substrate in parallel to
the first electron transit layer and the electron supply layer; an
anode electrode that forms a Schottky junction with the sec-
ond electron transit layer; and a cathode electrode that forms
an ohmic junction with the second electron transit layer. The
anode electrode is connected to a source of the transistor, and
the cathode electrode is connected to a drain of the transistor.

The object and advantages of the invention will be realized
and attained by means of the elements and combinations
particularly pointed out in the claims.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are not restrictive of the invention.
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2
BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a cross-sectional view illustrating a structure of
a semiconductor device according to a first embodiment.

FIG. 1B is a plan view illustrating a positional relation of
electrodes in the first embodiment.

FIG. 2 is a schematic diagram three-dimensionally illus-
trating the positional relation of electrodes.

FIG. 3A to FIG. 3E are cross-sectional views illustrating a
method of manufacturing the semiconductor device accord-
ing to the first embodiment in the order of steps.

FIG. 4 is a diagram illustrating a structure of an MOCVD
apparatus.

FIG. 5A is a cross-sectional view illustrating a structure of
a semiconductor device according to a second embodiment.

FIG. 5B is a plan view illustrating a positional relation of
electrodes in the second embodiment.

FIG. 6 A to FIG. 6F are cross-sectional views illustrating a
method of manufacturing the semiconductor device accord-
ing to the second embodiment in the order of steps.

FIG. 7A is a cross-sectional view illustrating a modifica-
tion example of the first embodiment.

FIG. 7B is a cross-sectional view illustrating a modifica-
tion example of the second embodiment.

DESCRIPTION OF EMBODIMENTS

Hereinafter, embodiments will be described specifically
with reference to the attached drawings.

First Embodiment

First, a first embodiment will be described. FIG. 1A is a
cross-sectional view illustrating a structure of a semiconduc-
tor device according to the first embodiment. FIG. 1B is a plan
view illustrating a positional relation of electrodes in the first
embodiment. Further, FIG. 2 is a schematic diagram three-
dimensionally illustrating the positional relation of elec-
trodes. Note that FIG. 1A illustrates a cross section taken
along a line I-I in FIG. 1B.

In the first embodiment, as illustrated in FIG. 1A, a buffer
layer 2, an electron transit layer 3 (second electron transit
layer), an insulating layer 4, an electron transit layer 5 (first
electron transit layer), an electron supply layer 6, a cap layer
7, and an insulating layer 8 are formed in this order over a
substrate 1. The substrate 1 is an n-type Si substrate, for
example. As the buffer layer 2, for example, an AIN layer is
formed, which has a thickness of 1 nm to 1000 nm, for
example. As the electron transit layer 3, for example, a GaN
layer is formed, which has a thickness of 10 nm to 5000 nm,
for example. As the insulating layer 4, for example, an AIN
layer is formed, which has a thickness of 10 nm to 5000 nm
for example. As the electron transit layer 5, for example, a
GaN layer is formed, which has a thickness of 10 nm to 5000
nm, for example. As the electron supply layer 6, for example,
an AlQ, ,5Ga, 55N layer is formed, which has a thickness of
1 nm to 100 nm, for example. As the cap layer 7, for example,
ann-type GaN layer is formed, which has a thickness of 1 nm
to 100 nm, for example. Si is doped to the cap layer 7, for
example. As the insulating layer 8, for example, a silicon
nitride layer is formed.

An opening 10g for a gate electrode is formed in the insu-
lating layer 8, and an opening 10s for a source electrode and
an opening 104 for a drain electrode are formed in the insu-
lating layer 8 and the cap layer 7. Further, an opening 9a for
an anode electrode and an opening 9% for a cathode electrode
are formed in the electron supply layer 6, the electron transit
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layer 5, and the insulating layer 4. The opening 9a is con-
nected to the opening 10s, and the opening 9% is connected to
the opening 10d. Further, an insulating layer 11 which covers
the electron supply layer 6, the electron transit layer 5, and the
insulating layer 4 is formed on side faces of the opening 9a
and the opening 9%. As the insulating layer 11, for example, an
AN layer is formed. The opening 10g is located closer to the
opening 10s side than the opening 104.

In a bottom portion of the opening 94, an anode electrode
12a in Schottky contact with the electron transit layer 3 is
formed. As the anode electrode 12a, for example, a stacked
body of a Ni film in contact with the electron transit layer 3
and a Au film located thereon is formed. Further, a source
electrode 13slocated on the anode electrode 124 and in ohmic
contact with the electron supply layer 6 is formed in the
opening 9a and the opening 10s. As the source electrode 13s,
for example, a stacked body of a Ta film in contact with the
anode electrode 12a and the electron supply layer 6, and an Al
film located thereon is formed. Moreover, a cathode-drain
electrode 134 in ohmic contact with the electron transit layer
3 and the electron supply layer 6 is formed in the opening 9%
and the opening 10d. As the cathode-drain electrode 134, for
example, a stacked body of a Ta film in contact with the
electron transit layer 3 and the electron supply layer 6, and an
Al film located thereon is formed. In the opening 10g, a gate
electrode 13g is formed. As the gate electrode 13g, for
example, a stacked body of a Ni film in contact with the cap
layer 7 and a Au film located thereon is formed.

Then, a surface protection layer 14 which covers the gate
electrode 13g, the source electrode 13s, and the cathode-drain
electrode 134 is formed over the insulating layer 8. As the
surface protection layer 14, for example, a silicon nitride
layer is formed. As illustrated in FIG. 1B and FIG. 2, the gate
electrode 13g, the source electrode 13s, and the cathode-drain
electrode 134 are disposed in a comb shape. Then, the gate
electrode 13g is connected to a gate pad 15g, the source
electrode 13s is connected to a source pad 15s, and the cath-
ode-drain electrode 13d is connected to a drain pad 15d.
Further, in the surface protection layer 14, openings which
expose the gate pad 15g, the source pad 15s, and the drain pad
15d, respectively, are formed.

In the first embodiment structured thus, a GaN-based
HEMT exists, which includes the gate electrode 13g, the
source electrode 13s, the cathode-drain electrode 13d, the
electron supply layer 6, and the electron transit layer 5. Fur-
ther, a Schottky barrier diode also exists, which includes the
anode electrode 124, the cathode-drain electrode 134, and the
electron transit layer 3, and is connected in inversely parallel
to the HEMT. Then, when negative voltage is applied to the
cathode-drain electrode 134, electrons move from the cath-
ode-drain electrode 134 to the anode electrode 12a via the
electron transit layer 3, and electric current flows toward the
cathode-drain electrode 134 from the anode electrode 12a.
That is, the Schottky barrier diode functions as a free wheel
diode. The cathode electrode of the Schottky barrier diode is
integrated with the drain electrode of the HEMT, and the
anode electrode is in direct contact with the source electrode.
Therefore, the Schottky barrier diode operates before large
electric current flows through the HEMT, which suppresses
increase in power consumption. Further, when large positive
voltage is applied to the cathode-drain electrode 134, elec-
trons move from the anode electrode 12a to the cathode-drain
electrode 13d via the electron transit layer 3, and electric
current flows toward the anode electrode 124 from the cath-
ode-drain electrode 134d. That is, the Schottky barrier diode
functions as a protective diode. Therefore, failure of the
HEMT can be prevented.
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4

Next, a method of manufacturing the semiconductor
device according to the first embodiment will be described.
FIG. 3A to FIG. 3E are cross-sectional views illustrating the
method of manufacturing the semiconductor device accord-
ing to the first embodiment in the order of steps.

First, as illustrated in FIG. 3A, the buffer layer 2, the
electron transit layer 3, the insulating layer 4, the electron
transit layer 5, the electron supply layer 6, and the cap layer 7
are formed in this order over the substrate 1 by a metal organic
chemical vapor deposition (MOCVD) method, for example.

Here, an MOCVD apparatus will be described. FIG. 4 is a
diagram illustrating a structure of an MOCVD apparatus. A
high-frequency coil 41 is disposed around a reaction tube 40
made of quartz, and a carbon susceptor 42 that mounts a
substrate 101 is disposed inside the reaction tube 40. Two gas
introduction tubes 44 and 45 are connected on an upstream
end (end portion on the left side in FIG. 4) of the reaction tube
40, through which a source gas of chemical compound is
supplied. For example, an NH; gas is introduced as an N
source gas from the gas introduction tube 44, and an organic
group III chemical compound raw material such as a trim-
ethyl aluminum (TMA), trimethyl gallium (TMG), or the like
is introduced as a source gas of group 111 element from the gas
introduction tube 45. Crystal growth is performed on the
substrate 101, and excess gasses are exhausted to a detoxify-
ing tower from a gas exhaust tube 46. Note that when the
crystal growth by the MOCVD method is performed in a
reduced pressure atmosphere, the gas exhaust tube 46 is con-
nected to a vacuum pump, and an exhaust port of the vacuum
pump is connected to the detoxifying tower.

Conditions for forming the Al, ,sGa,, 55N layer as the elec-
tron supply layer 6 are set for example as:

flow rate of trimethyl gallium (TMG): 0 to 50 sccm,

flow rate of trimethyl aluminum (TMA): 0 to 50 sccm,

flow rate of ammonium (NH,): 20 slm,

pressure: 100 Torr, and

temperature: 1100° C.

After the cap layer 7 is formed, the insulating layer 8 is
formed over the cap layer 7. The insulating layer 8 is formed
by a plasma CVD method, for example.

Next, as illustrated in FIG. 3B, the opening 10g, the open-
ing for a source electrode, and the opening for a drain elec-
trode are formed in the insulating layer 8. In formation of
these openings, for example, selective etching using SF gas
is performed with a resist pattern being a mask. After these
openings are formed, the openings 10s and 104 are formed in
the cap layer 7. In formation of the openings 10s and 104, for
example, selective etching using a Cl, gas is performed with
a resist pattern being a mask. After the openings 10s and 104
are formed, openings 9a and 9% are formed. In formation of
the openings 9a and 9%, for example, selective etching using
the Cl, gas is performed with a resist pattern being a mask.

Thereafter, as illustrated in FIG. 3C, the insulating layer 11
is formed on side faces of the openings 9a and 9%, the gate
electrode 13g is formed in the opening 10g, and the anode
electrode 12a is formed in a bottom part of the opening 9a.
The insulating layer 11 is formed before the anode electrode
12q is formed. Regarding the gate electrode 13g and the
anode electrode 124, one of them may be formed first, or the
both of them may be formed simultaneously. The gate elec-
trode 13g and the anode electrode 124 may be formed by a
lift-off method, for example.

Subsequently, as illustrated in FIG. 3D, the source elec-
trode 13s is formed in the openings 9a and 10s, and the
cathode-drain electrode 134 is formed in the openings 9% and
10d. Regarding the source electrode 13s and the cathode-
drain electrode 134, one of them may be formed first, or the
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both of them may be formed simultaneously. The source
electrode 13s and the cathode-drain electrode 134 may be
formed by a lift-off method, for example.

Next, as illustrated in FIG. 3E, the surface protection layer
14 which covers the gate electrode 13g, the source electrode
135, and the cathode-drain electrode 134 is formed over the
insulating layer 8. The surface protection layer 14 may be
formed by a plasma CVD method, for example.

Thereafter, the back surface of the substrate is polished as
necessary to make the substrate have a predetermined thick-
ness. Further, the opening exposing the gate pad, the opening
exposing the source pad, and the opening exposing the drain
pad are formed in the surface protection layer 14.

Thus, the semiconductor device according to the first
embodiment can be completed.

Second Embodiment

First, a second embodiment will be described. FIG. 5A is a
cross-sectional view illustrating a structure of a semiconduc-
tor device according to the second embodiment, and FIG. 5B
is a plan view illustrating a positional relation of electrodes in
the second embodiment. Note that FIG. 5A illustrates a cross
section taken along a line I-1 in FIG. 5B.

In the second embodiment, as illustrated in FIG. 5A, a
buffer layer 22, an electron transit layer 23 (first electron
transit layer), an electron supply layer 24, a cap layer 25, an
insulating layer 26, an electron transit layer 27 (second elec-
tron transit layer), and an insulating layer 28 are formed in this
order over a substrate 21. The substrate 21 is an n-type Si
substrate, for example. As the buffer layer 22, for example, an
AIN layer is formed, which has a thickness of 1 nm to 1000
nm, for example. As the electron transit layer 23, for example,
aGaN layer is formed, which has a thickness of 10 nm to 5000
nm, for example. As the electron supply layer 24, for
example, an Al, ,sGa, ;5N layer is formed, which has a thick-
ness of 1 nm to 100 nm, for example. As the cap layer 25, for
example, an n-type GaN layer is formed, which has a thick-
ness of 1 nm to 100 nm, for example. Si is doped to the cap
layer 25, for example. As the insulating layer 26, for example,
an AIN layer is formed, which has a thickness of 10 nm to
5000 nm, for example. As the electron transit layer 27, for
example, a GaN layer is formed, which has a thickness of 10
nm to 5000 nm, for example. As the insulating layer 28, for
example, a silicon nitride layer is formed.

An opening 30s for a source electrode, an opening 30d for
a drain electrode, an opening 29a for an anode electrode, and
an opening 29% for a cathode electrode are formed in the
insulating layer 28. The opening 30s and the opening 304 are
also formed in the electron transit layer 27, the insulating
layer 26, and the cap layer 25. The opening 30s and the
opening 29a are connected to each other, and it is not neces-
sary to make the boundary therebetween clear. Similarly, the
opening 304 and the opening 29% are connected to each other,
and it is not necessary to make the boundary therebetween
clear. Moreover, a recess 30g for a gate electrode is formed in
the cap layer 25. The recess 30g is located closer to the
opening 30s side than the opening 304.

A gate electrode 33g is formed in the recess 30g. As the
gate electrode 33g, for example, a stacked body of a Ni film
located in a bottom portion of the recess 30g and a Au film
located thereon is formed. At a position matching with the
recess 30g in plan view in the electron transit layer 27 and the
insulating layer 26, an opening connected to the opening 29a
and the opening 30s is formed, and an insulating layer 31
which covers the gate electrode 33g is formed in this opening.
As the insulating layer 31, for example, an AIN layer is
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formed. In the opening 29« and on the insulating layer 31, an
anode electrode 32a in Schottky contact with the electron
transit layer 27 is formed. As the anode electrode 32a, for
example, a stacked body of a Ni film in contact with the
electron transit layer 27 and a Au film located thereon is
formed. Further, in the opening 29 and the opening 30s, a
source electrode 33s in contact with the anode electrode 32a
and in ohmic contact with the electron supply layer 24 is
formed. As the source electrode 33s, for example, a stacked
body of a Ta film in contact with the anode electrode 324 and
the electron supply layer 24, and an Al film located thereon is
formed. Moreover, in the opening 29% and the opening 304, a
cathode-drain electrode 334 in ohmic contact with the elec-
tron transit layer 27 and the electron supply layer 24 is
formed. As the cathode-drain electrode 33d, for example, a
stacked body of a Ta film in contact with the electron transit
layer 27 and the electron supply layer 24, and an Al film
located thereon is formed.

Then, a surface protection layer 34 which covers the source
electrode 33s and the cathode-drain electrode 33d is formed
over the insulating layer 2. As the surface protection layer 34,
for example, a silicon nitride layer is formed. As illustrated in
FIG. 5B, the gate electrode 33g, the source electrode 33s, and
the cathode-drain electrode 334 are disposed in a comb shape.
Then, similarly to the first embodiment, the gate electrode
33g is connected to a gate pad, the source electrode 33s is
connected to a source pad, and the cathode-drain electrode
33d is connected to a drain pad. Further, in the surface pro-
tection layer 34, the openings which expose the gate pad, the
source pad, and the drain pad, respectively, are formed.

In the second embodiment structured thus, a GaN-based
HEMT exists, which includes the gate electrode 33g, the
source electrode 33s, the cathode-drain electrode 33d, the
electron supply layer 24, and the electron transit layer 23.
Further, a Schottky barrier diode also exists, which includes
the anode electrode 32a, the cathode-drain electrode 334, and
the electron transit layer 27, and is connected in inversely
parallel to the HEMT. Then, when negative voltage is applied
to the cathode-drain electrode 33d, electrons move from the
cathode-drain electrode 33d to the anode electrode 324 via
the electron transit layer 27, and electric current flows toward
the cathode-drain electrode 33d from the anode electrode
32a. That is, the Schottky barrier diode functions as a free
wheel diode. The cathode electrode of the Schottky barrier
diode is integrated with the drain electrode of the HEMT, and
the anode electrode is in direct contact with the source elec-
trode. Therefore, the Schottky barrier diode operates before
large electric current flows through the HEMT, which sup-
presses increase in power consumption. Further, when large
positive voltage is applied to the cathode-drain electrode 334,
electrons move from the anode electrode 324 to the cathode-
drain electrode 334 via the electron transit layer 27, and
electric current flows toward the anode electrode 32a from the
cathode-drain electrode 33d. That is, the Schottky barrier
diode functions as a protective diode. Therefore, failure of the
HEMT can be prevented.

In general, when semiconductor layers are stacked, atrap is
formed in the semiconductor layer located on the surface.
Then, the trap may become a factor for decreasing character-
istics of the HEMT. However, in the second embodiment,
since the semiconductor layer which forms the Schottky bar-
rier diode is formed on the HEMT, it is difficult for a trap to be
formed in the semiconductor layers in the HEMT. Therefore,
an HEMT with more favorable characteristics can be
obtained.

Next, a method of manufacturing the semiconductor
device according to the second embodiment will be
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described. FIG. 6 A to FIG. 6E are cross-sectional views illus-
trating the method of manufacturing the semiconductor
device according to the second embodiment in the order of
steps.

First, as illustrated in FIG. 6A, the buffer layer 22, the
electron transit layer 23, the electron supply layer 24, the cap
layer 25, the insulating layer 26, and the electron transit layer
27 are formed in this order over the substrate 21 by an
MOCVD method, for example. Then, the insulating layer 28
is formed over the electron transit layer 27. The insulating
layer 28 may be formed by a plasma CVD method, for
example.

Next, as illustrated in FIG. 6B, the openings 30s, 30d, 29a,
and 29k are formed in the insulating layer 28. In formation of
the openings 30s, 30d, 29a, and 29%, for example, selective
etching using SF gas is performed with a resist pattern being
amask. After the openings 30s, 30d, 29a, and 29% are formed,
the openings 30g, 30s, and 304 are formed. At this time, an
opening connected to the opening 30g is formed in the elec-
tron transit layer 27 and the insulating layer 26. In formation
of these openings, for example, selective etching using the
Cl, gas is performed with a resist pattern being a mask.

Thereafter, as illustrated in FIG. 6C, the gate electrode 33g
is formed in the recess 30g. Subsequently, the insulating layer
31 is formed over the gate electrode 33g. Then, the anode
electrode 32a is formed over insulating layer 31. The gate
electrode 33g and the anode electrode 32a may be formed by
a lift-off method, for example.

Thereafter, as illustrated in FIG. 6D, the source electrode
335 is formed in the openings 29a and 30s, and the cathode-
drain electrode 334 is formed in the openings 29% and 30d.
Regarding the source electrode 33s and the cathode-drain
electrode 33d, one of them may be formed first, or the both of
them may be formed simultaneously. The source electrode
335 and the cathode-drain electrode 334 may be formed by a
lift-off method, for example.

Next, as illustrated in FIG. 6E, the surface protection layer
34 which covers the source electrode 33s and the cathode-
drain electrode 334 is formed over the insulating layer 28. The
surface protection layer 34 may be formed by a plasma CVD
method, for example.

Thereafter, the back surface of the substrate is polished as
necessary to make the substrate have a predetermined thick-
ness. Further, the opening exposing the gate pad, the opening
exposing the source pad, and the opening exposing the drain
pad are formed in the surface protection layer 34.

Thus, the semiconductor device according to the second
embodiment can be completed.

Note that the materials, thicknesses, impurity concentra-
tions and so on of the substrate and the respective layers are
not particularly limited. For example, as the substrate, a sap-
phire substrate, a SiC substrate, a GaN substrate, or the like
may be used instead of the Si substrate. As the electron transit
layer included in the Schottky barrier diode, one including a
p-type or n-type semiconductor may be used, or one including
at least two types of semiconductors which have different
lattice constants from each other such as GaN or AlGaN may
be used. Moreover, as the insulating layer which insulates the
electron transit layer included in the Schottky barrier diode
and the HEMT from each other, one containing at least one of
AIN, AlGaN, p-type GaN, Fe doped GaN, Si oxide, Al oxide,
Si nitride, or C may be used. Further, as the material for the
anode electrode in Schottky contact with the electron transit
layer, there are Ni, Pd, and Pt, which may be used in combi-
nation.

Further, as illustrated in FIG. 7A, an insulating layer 41 of
AIN or AlGaN and an n-type GaN layer. 42 may be stacked
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over the cap layer 7 of n-type GaN in the first embodiment.
Similarly, as illustrated in FIG. 7B, the cap layer 25 of n-type
GaN may be located below the gate electrode 33g, and an
insulating layer 51 of AIN or AlGaN and an n-type GaN layer
52 may be stacked over the cap layer 25.

These semiconductor devices may be used for a switching
semiconductor element for example. Further, such a switch-
ing element may also be used for a switching power supply or
electronic equipment. Moreover, it is possible to use these
semiconductor devices as a part for a full-bridge power sup-
ply circuit such as a power supply circuit of a server.

These semiconductor devices and the like enable a diode
connected to a transistor to operate properly.

All examples and conditional language provided herein are
intended for the pedagogical purposes of aiding the reader in
understanding the invention and the concepts contributed by
the inventor to further the art, and are not to be construed as
limitations to such specifically recited examples and condi-
tions, nor does the organization of such examples in the
specification relate to a showing of the superiority and infe-
riority of the invention. Although one or more embodiments
of the present invention have been described in detail, it
should be understood that the various changes, substitutions,
and alterations could be made hereto without departing from
the spirit and scope of the invention.

The invention claimed is:

1. A semiconductor device, comprising:

a substrate;

a transistor that comprises a first electron transit layer and
an electron supply layer which are stacked in a thickness
direction of the substrate;

a second electron transit layer formed over the substrate in
parallel to the first electron transit layer and the electron
supply layer;

an insulating layer that insulates the transistor and the
second electron transit layer from each other, the insu-
lating layer being between the first electron transit layer
and the second electron transit layer in the thickness
direction of the substrate;

an anode electrode that forms a Schottky junction with the
second electron transit layer; and

a cathode electrode that forms an ohmic junction with the
second electron transit layer, wherein

the anode electrode is connected to a source of the transis-
tor, and

the cathode electrode is connected to a drain of the transis-
tor.

2. The semiconductor device according to claim 1, wherein
the transistor comprises an n-type gallium nitride layer
formed over the electron supply layer.

3. The semiconductor device according to claim 2, wherein
the transistor comprises:

a second insulating layer formed on the n-type gallium
nitride layer and made of an aluminum nitride or an
aluminum gallium nitride; and

a second n-type gallium nitride layer formed on the second
insulating layer.

4. The semiconductor device according to claim 1, wherein
the second electron transit layer is located between the sub-
strate and the transistor.

5. The semiconductor device according to claim 1, wherein
the second electron transit layer contains a p-type or n-type
semiconductor.

6. The semiconductor device according to claim 1, wherein
the second electron transit layer contains at least two types of
semiconductors which have different lattice constants from
each other.
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7. The semiconductor device according to claim 1, wherein
the second electron transit layer contains a gallium nitride or
an aluminum gallium nitride.

8. The semiconductor device according to claim 1, wherein
the insulating layer contains at least one selected from the
group consisting of aluminum nitride, aluminum gallium
nitride, p-type gallium nitride, iron doped gallium nitride,
silicon oxide, aluminum oxide, silicon nitride, aluminum
oxide, silicon nitride, and carbon.

9. The semiconductor device according to claim 1, wherein
the anode electrode contains at least one selected from the
group consisting of nickel, palladium, and platinum.

10. A semiconductor device, comprising:

a substrate;

a buffer layer formed over the substrate;

asecond electron transit layer formed over the buffer layer;

an insulating layer formed over the second electron transit

layer;

a first electron transit layer formed over the insulating

layer;

an electron supply layer formed over the first electron

transit layer; and

a cap layer formed over the electron supply layer.

11. The semiconductor device according to claim 10,
wherein

an opening for a source electrode and an anode electrode

that reaches the second electron transit layer is formed in
the cap layer, the electron supply layer, the first electron
transit layer, and the insulating layer,
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an opening for a drain electrode and a cathode electrode
that reaches the second electron transit layer is formed in
the cap layer, the electron supply layer, the first electron
transit layer, and the insulating layer,

an anode electrode that forms a Schottky junction with the
second electron transit layer is formed in the opening for
a source electrode and an anode electrode,

a cathode electrode which forms an ohmic junction with
the second electron transit layer is formed in the opening
for a drain electrode and a cathode electrode,

the anode electrode is connected to the electron supply
layer;

the cathode electrode is connected to the electron supply
layer, and

a gate electrode is formed over the electron supply layer
between the anode electrode and the cathode electrode.

12. The semiconductor device according to claim 10, fur-

ther comprising an n-type gallium nitride layer formed over
the electron supply layer.

13. The semiconductor device according to claim 12, fur-

ther comprising:

a second insulating layer formed over the n-type gallium
nitride layer and made of an aluminum nitride or an
aluminum gallium nitride; and

a second n-type gallium nitride layer formed on the second
insulating layer.



